We investigate the capacity of Intelligent Quadrifiliar Helix Antenna (IQHA) based Multiple-inputmultiple-output (MIMO) communication system. We will show that IQHA based MIMO system is able to offer larger capacity compared with MIMO system without using IQHA. And at the same time, it can reduce the number of RF chains following the antenna, thus reducing the total cost. Two sub-optimal algorithms are proposed to adjust the weights of IQHA to maximize the capacity.
INTRODUCTION
In recent years, MIMO communication system characterized as multiple transmitting and receiving antennas has draw more and more attentions because it is able to offer higher capacity [1] [2] . However, it increases the processing complexity and hardware cost significantly. Each branch requires a RF chain including upconverter/down-converter, D/A or A/D and power amplifier and so on. Although the antennas and digital signal processing are cheap, the RF element are expensive and do not follow Moore's law [6] , [7] . Therefore, the need to decrease the number of RF chains requires us to decrease the number of chains while keeping the system performance unchanged. Application of IQHA with weight adjusting in MIMO system may achieve this goal. An IQHA based MIMO communication system will be introduced in this paper and the capacity improvement will be discussed. This paper is organized as following. Section II is a brief introduction of IQHA structure. In Section III, system model and capacity analysis will be presented and two sub-optimisation Algorithms are introduced. Section IV includes simulation results and discussion. Conclusion will be made in last section.
II.
IQHA STRUCTURE IQHA consists of three main parts: the antennas structure itself, the adaptive components (weight factors, matching circuits and switches) and the overall control part [3] - [5] .The matching circuits and switches allow antenna to operate in multiple frequencies. And the controller adjusts the weight factors to maximise the chosen criterion. In this paper, since the multiple frequencies operability has no influence on the following discussion, the structure can be simplified in Fig. 1 . In Fig. 1 , the received signal is combined with weight factors that are adjusted by the controller in Base Band (BB) and processed in BB signal processor after RF chains.
III. SYSTEM MODEL AND ANALYSIS
Previously, IQHA was used in SIMO to achieve the spatial diversity [5] . And the potential of IQHA in MIMO system is also discussed in [9] . However, in all of these applications, there is only one IQHA in the receiver end. Different from previous applications, each branch of the IQHA based MIMO system is an IQHA. That means multiple IQHA will be applied in our system as shown in Fig. 2 .
A. New Capacity Equation
Suppose N*M MIMO system and J antenna elements in IQHA, the receiving antennas are M IQHAs and each IQHA has J=4 antennas elements. As we know, the noise consists of two main parts: noise from channel (channel instability, cosmic radiation, etc.) and noise produced by the RF chains. Therefore, we divide noise into two parts. 
where w i,j is the weight in the jth antenna element of ith IQHA.
According to [1] , [2] , [10] From Eq. 5, we can see the capacity depends on ρ . And from Eq. 2, capacity also depends on weight matrix w.
B. Sub-optimization Algorithm

1.Sequential searching
In order to improve the capacity, the weights can be adjusted to maximize Eq. 6. That means a certain weight matrix w in Eq. 2 should be found to maximize the channel capacity C. The optimal solution requires not only changing the phase but also changing the amplitude of w. Therefore, the complexity is quite high. However, here we only adjust the phase of w and search for a sub-optimal solution. So the sequential searching is proposed as follow.
1. Set w as all zero phase matrix, divide π 2 by K and set
as the interval of phase adjusting. 2. Set m=1 and j=1. 
Trace maximizing
Although the sequential searching algorithm is easy to understand, it requires lots of computations because in each step, the Eq. 5 has to be calculated. Therefore, we are turning to other algorithm to maximizing Eq. 5. Trace maximization is given below. 
Therefore, we can maximize capacity by maximizing trace of
Since the diagonal elements of For any pair of (j, k), there is another pair (k, j) that is conjugate of pair (j, k). Thus, we got 
IV SIMULATION RESULTS AND DISCUSSIONS
As we can see in Fig. 3 , if the power of noise from radio channel is same as the noise power from RF chains, the capacity of 2*2 IQHA based MIMO system is close to or larger than the capacity of 2*8 MIMO system no matter when SNR is high or low. However, the number of RF chains is only ¼ of 2*8 MIMO systems. If almost all the noise is from RF chains, which happens in single-user communications [8] . The capacity of 2*2 IQHA based MIMO system even has better performance in capacity compared with 2*8 MIMO system with only ¼ RF chains. From figure 4 and 5, we can see that even when the w is not adjusted, the capacity of 2*2 IQHA based MIMO system is larger than that of normal 2*2 MIMO system.
V CONCLUSION
In this paper, we investigated IQHA based MIMO system and explore the capacity performance of this system with weights adjusting. From previous discussion and simulation, it is shown that the capacity is able to be improved if the noise does not only consist of noise from channel. When the power of channel noise is same as or less than the power of noise from RF chains, compared with normal MIMO systems with same number of receiving antenna elements, the IQHA based system can achieve same or larger capacity and have less RF chains at the same time.
